Indicators are the ideal means by which progress towards sustainable development can be measured. However, most indicator initiatives throughout the world have been aimed at state-of-the-environment reporting, with relatively few aimed at developing sectoral indicators. This paper provides the results of a review to establish trends in the development of indicators that assist in integrated water resource management. Twenty-one organisations from around the world were approached with regard to whether they had developed indicators of sustainable development for catchment management. Of these, only five organisations had developed, or were in the process of developing, indicator sets that were available for review. These included the Fraser Basin Council (Canada), the Murray-Darling Basin Commission (Australia), the Tennessee Valley Authority (USA), the United States Environmental Protection Agency and the World Resources Institute. All of these indicator sets were developed using an issuesbased approach. Each indicator set was unique, reflecting the policy, both national and organisational, upon which it had been based. An analysis of these five indicator sets revealed that the most important themes that required information for water resource management at a catchment level, were biodiversity and ecosystem integrity, land-use change, water quality, waste production, water availability and resource use. Common indicators included population growth; community involvement; water availability; water use; water quality trends; soil contamination; non-compliance; species at risk; key species assessment; change in vegetation; agricultural impact; access to recreational opportunities, and ecosystem health. The identification of these themes and common indicators will be useful for the development of indicators for catchment management in South Africa. More importantly, policy frameworks and the physical characteristics of catchment systems in the country need to be taken into account. Additionally, it is recognised that no effective indicator set can be developed without the input of stakeholders.
Introduction
Sound water resource management is one of the key components of sustainable development as advocated by Agenda 21 (Chapter 18). In the last 10 years, governments throughout the world have reviewed their policies so as to achieve sustainability of water resources. In particular, the South African government has introduced the National Water Act (No. 36 of 1998), which will effectively dictate water resource policy and practice for at least the next 10 years. A core feature of this Act is the introduction of catchment management agencies that will be responsible for integrated water resource management of specific catchments. Catchment management strategies are to be developed for each catchment in South Africa to ensure that the water resources are utilised in a sustainable manner. Additionally, the Act (Chapter 14) requires that the Government establish a national monitoring and information system for water resources as soon as possible. This system should provide for the collection of appropriate data to assess the quantity, quality, use and rehabilitation of water resources at catchment and national levels, as well as compliance with resource quality objectives, health of aquatic ecosystems and atmospheric conditions that may impact on water resources.
Indicators are the ideal means by which progress towards a goal, in this case integrated water resource management, can be monitored. Indicators provide a summary of conditions, rather like temperature and blood pressure are used to measure human health. They have been used for many years by economists to explain economic trends, a typical example being Gross National Product, but have only fairly recently been introduced to determine the sustainability of environmental systems as required by Agenda 21 (e.g. OECD, 1993; MacGillivray, 1994; Gouzee et al., 1995; Hammond et al., 1995; Trzyna, 1995; World Bank, 1995; Bakkes et al., 1994; Moldan and Billharz, 1997) .
Most indicator initiatives have been aimed at providing information at a national level for state-of-the-environment reporting (e.g. Ward, 1990; OECD, 1991; ANZECC, 1998; GRID-Arendal, 2000) or for answering specific policy questions at national and international levels (e.g. UNEP and WHO, 1988; FAO, 1992; Eeronheimo et al., 1997) . Few initiatives have been aimed at developing sectoral indicators, although some attempt has been made to develop sectoral indicators for agriculture, forestry, transport and energy (Obst, 2000) . In South Africa, indicators are currently being developed for national state-of-the-environment reporting (CSIR et al., 2001 ) and for forestry (NFAC, 2001) . It is uncertain to what extent an attempt has been made to develop indicators for catchment or water basin management, either within South Africa or internationally. This paper provides the results of a review to establish what progress has been made towards development of Available on website http://www.wrc.org.za indicators that assist in catchment management. The focus is on the approach taken by various organisations throughout the world; the indicator sets developed by them, and the lessons that can be learnt from these for the development of sustainability indicators for catchments.
Methodology
A literature and internet search was conducted to identify organisations around the world that might be involved in catchment management directly, or which might have addressed the problem of information management at a catchment or watershed level. Four types of organisations were identified:
• Catchment management agencies (CMAs), which were directly involved in catchment management and had an official mandate to manage the water resources of the catchment areas for which they were responsible. These were identified through recognition of the catchment areas for which they were responsible (i.e. Tennessee River; Vaal River; Murray-Darling River).
• Non-governmental organisations and international basin commissions, which were associated with specific catchment areas, but did not have an official mandate to manage any of the catchment areas. In most cases, they were advisory bodies that were established to provide insight into catchment management issues. As with the CMAs, they were identified through recognition of the catchment areas for which they were responsible (e.g. Rhine River; Fraser River; Danube River).
• Government agencies and departments, which were not related to specific catchment areas, but which had an interest in catchment management as part of their mandate or complementary to their mandate. For example, the CSIRO had a research responsibility as part of its Sustainable Catchment Management Program, the UK Environment Agency had a responsibility to the environment, including river basins and the South African Department of Water Affairs and Forestry (DWAF) had a legal responsibility to ensure sustainable catchment management.
• International organisations, which were involved in the management of the environment and natural resources, including water.
Although it was recognised that these organisations were at different levels of governance, they all had an interest in managing catchments sustainably. Because catchments can be defined by similar characteristics (watersheds defining the boundaries, fourdimensional nature etc.; Wells, 1992) , it was accepted that there was a basis for comparison. Additionally, water resource management is not only based on management objectives, but is largely dependent on the condition of the catchment, which can be assessed using sustainability indicators. In all, 21 organisations were approached with regard to whether they had developed indicators of sustainable development for catchment management (5 CMAs; 6 NGOs and international basin commissions; 7 government agencies and departments, and 3 international organisations). A contact person was identified for each organisation and requested to provide information on any programme or programmes to develop indicators for catchment management, including:
• The policy requirements and mandate of the organisation • The process followed to develop indicator sets • Lists of indicators that might depict catchment health; catchment management; condition of water resources in the catchment, and sustainability of catchment systems.
The information provided by the response organisations was reviewed and indicator sets were compared to each other. Common indicators were identified, and the differences between indicator sets were established. The different approaches to the establishment of indicators were noted and commented upon where possible. Lessons to be learnt for development of catchment management indicators in South Africa were extracted and commented upon.
Results
Of the 21 organisations approached, 18 replied. Of these, 12 (67%) had not developed a set of indicators for catchment management, and 6 (33%) had either developed a set or were in the process of developing a set ( Each of these and their approaches to developing indicators are described briefly below.
Fraser Basin Council
The Fraser River Basin in Canada covers a quarter of British Columbia's land mass, with an area of 240 000 km 2 . The river itself is 1 375 km long from the headwaters to the mouth and is the fifth longest in Canada. It supports two-thirds of the province's population and accounts for 80% of its Gross Geographic Product. The economy of the Basin has historically been dependent on the natural resource base with fishing, forestry, mining, and hydroelectric development being important activities. In addition, the Basin supports a diverse agricultural sector.
The Fraser Basin Council is a non-governmental, not-for-profit organisation. It was established in 1997 as the successor to the Fraser Basin Management Program, an intergovernmental coordination program that focused on the sustainability of the Fraser River Basin between 1992 and 1997. The Council is guided by a 36-person Board of Directors that represent all four orders of Canadian governance (i.e. federal, provincial, local government and First Nations), as well as non-government and private sector interests. The work of the Council is carried out by co-ordinators in each of the five regions of the Basin.
The mandate of the Council is to enable individuals, organisations and governments of the Fraser Basin to work together to advance the sustainability of the Basin. The Council's work is guided by its Charter for Sustainability, with its vision that states: "the Basin is a place where social well-being is supported by a vibrant economy and sustained by a healthy environment" (Fraser Basin Council, 1997) . The Charter contains 26 goals related to social, economic, environmental and institutional systems in the Basin. The goals are organised under four directions or themes: understanding sustainability; caring for ecosystems; strengthening communities and improving decision-making.
The constitution of the Council requires that it report to the residents of the Fraser Basin at regular intervals on the progress towards sustainability. The use of sustainability indicators was recognised as an important tool to accomplish this. The Council is currently in the process of identifying a set of sustainability indicators and has, thus far, developed a draft set of 40 indicators using the Council's Charter for Sustainability (Fraser Basin Council, 1997) as a framework.
The indicators chosen are goal-oriented towards the 26 goals of the Charter under the four directions specified by the Charter. A discussion document in the form of a workbook (Fraser Basin Council, 2000) has been developed. This will form the basis of a participatory process (including workshops and an on-line indicators questionnaire) to refine and further develop the indicators presented in the workbook. The indicators available for evaluation at this stage are still a preliminary set, which will be refined by the middle of 2001. For the purpose of the evaluation, the draft indicators will be used.
Murray-Darling Basin Commission
The Murray-Darling River system drains about 14% of the Australian continent, covering a catchment area of 1 061 469 km 2 (Crabb, 1997) . It is a highly-utilised basin, with about 81% of the divertible water having been developed (Commonwealth of Australia, 1996) . The Murray-Darling Basin Commission (MDBC) was established in 1988 and is responsible for co-ordinating the efforts of the governments (Commonwealth, New South Wales, Victoria, South Australia and Queensland) and communities involved in the management of the Basin. As part of its mandate to manage the natural resources of the Murray-Darling system, the MDBC has developed the Basin Sustainability Plan (BSP; prior to 2001 this was entitled the Basin Sustainability Program), the aim of which is "to promote and coordinate effective planning and management for the equitable, efficient and sustainable use of the water, land and other environmental resources of the Murray-Darling" (MDBC, 2000a) . The BSP is largely administered through three programmes:
The BSP also has four key result areas:
• Water quality • Sustainable agricultural production • Nature conservation • Cultural heritage (introduced in late 1999).
Each programme is required to address specific objectives within each key result area. In addition, the BSP has a set of directionsetting objectives that are shared by all programs. These relate to: government and community capacity development, community empowerment, and development of co-ordinating frameworks.
In 1998, the Commission attempted to develop a set of indicators for assessing progress towards the BSP objectives. Given the multijurisdictional nature of the administration of the Murray-Darling Basin, it was essential that data sets in each jurisdiction were sufficiently compatible (or capable of being made so) to generate basin-wide indicators.
An initial set of 130 indicators generated by the Commission, was reduced to 30 (MDBC, 1999) . These were tested to evaluate their efficacy, the cost of generating data, and the administrative requirements to align existing data sets in the six jurisdictions. Of the 30, only 16 were recommended for use in the Basin and, of these, only 5 were suitable for rapid implementation due to the general lack of compatible basin-wide data sets. The majority of the 16 indicators recommended dealt with the quality, state and use of aquifers and surface water. The evaluation of indicators in this paper included all 30 indicators tested by the MDBC.
The Commission is now working towards implementing a goal-oriented framework within which indicators will be developed further. In particular, the partners of the MDBC are in the process of agreeing to a new Integrated Catchment Management (ICM) Framework (MDBC, 2000b) . When finalised and approved by the partner governments this framework will commit all stakeholders in the Basin to:
• developing a range of basin-wide strategies regarding the management of salinity, water quality, water sharing, riverine ecosystem heath, and terrestrial biodiversity; • establishing and further developing the capacities of Catchment Management Organisations across the Basin; • strengthening links between land-use planning legislation and processes and catchment planning and management; • establishing a range of basin-wide and catchment-level targets, initially these will be for water quality, water sharing, terrestrial biodiversity and river ecosystem health; and • developing a set of core indicators of catchment health to complement the targets as a means of assessing progress and directing investments and effort to achieve major benefits for the Basin.
In terms of indicators, the development of this ICM Framework represents a shift from previous attempts to utilise only pre-existing data sets and interpretive models such as Pressure-State-Response (PSR) framework. Instead, the ICM Framework will:
• identify the data and indicators needed for catchment management, investment targeting, and accountability purposes, and • provide the structure for the development of basin-wide and regional-level reporting processes.
Tennessee Valley Authority
The Tennessee River in the Eastern United States is the 5th largest river in the country, and the Tennessee River Valley covers an area of about 103 600 km 2 within seven states. The Tennessee Valley Authority (TVA), created by the US Congress in 1933 to manage the system, has three main goals:
• supplying low-cost, reliable power to the nearly eight million people living in the region; • stimulating economic growth, and • supporting a thriving river system.
As part of the environmental stewardship of the river, the TVA has established a citizen advisory council (the Regional Resource Stewardship Council) as well as twelve Watershed Teams whose aim is to improve watershed conditions in the Tennessee Valley.
The TVA has established a set of core performance indicators for each of the three main goals mentioned above, including "supporting a thriving river system", as part of the Strategic Plan for 2000 to 2005 (TVA, 2000 . The indicators supporting this goal provide the basis for catchment management within the Tennessee River. The main objectives within the thriving river system goal are to minimise flood damage, maintain navigation, support power production, improve water quality, protect public health, protect the environment and support recreational uses.
Within this Strategic Plan, the TVA has developed a set of indicators that primarily deal with watershed condition in terms of water quality. The approach that they have taken is twofold:
• A Watershed Condition Index is used to assess the overall water quality conditions as an outcome measure. It is based on four physical elements: i.e. reservoir ecological health; stream ecological health; water quality assessments, and reservoir shoreline vegetation condition.
• A planning framework used by the Watershed Teams is aimed at meeting the outcome by focusing on four core stewardship areas of the TVA, i.e. shoreline management, water resource condition, public lands management, and stakeholder or customer interests. This framework allows for development project evaluation based on natural resource conditions (13 measures) and public interests (16 measures), which build toward overall watershed sustainability.
US Environmental Protection Agency
The EPA is a United States federal government organisation, which was established in 1970. Its mission is "the establishment and enforcement of environmental protection standards consistent with national environmental goals...The conduct of research on the adverse effects of pollution and on methods and equipment for controlling it; the gathering of information on pollution; and the use of this information in strengthening environmental protection programmes and recommending policy changes...assisting others, through grants, technical assistance and other means, in arresting pollution of the environment...assisting the Council on Environmental Quality in developing and recommending to the President new policies for the protection of the environment." (EPA, 2001) . The EPA has established a set of 12 national environmental goals, of which two are "safe drinking water" and "clean waters". To check progress towards the national goals, the EPA developed a series of milestones for each goal that set a 10-year target to be reached by 2005. In addition five objectives for meeting the goals have been set. These are: conserve and enhance public health; conserve and enhance ecosystems; support uses designated by the states and tribes in their water quality standards; conserve and improve ambient conditions, and prevent or reduce pollutant loadings and other stressors. In 1996 the EPA, in collaboration with other government organisations, developed a set of indicators to meet the goals, milestones and objectives of the organisation (EPA, 1996) . Eighteen indicators were chosen. These were used as a basis for the current Index of Watershed Indicators (EPA, 2001) Development of the Index of Watershed Indicators was aimed at providing a complete descriptive technique for characterising the condition and vulnerability of water resources at a catchment level; establishing a national baseline on the condition and vulnerability of aquatic resources, and making information readily available (EPA, 2001) . The 15 indicators chosen to achieve these aims have been split into "condition indicators" (i.e. state indicators) and "vulnerability indicators" (pressure indicators). There is ongoing development of these indicators, especially with regard to policy and institutional indicators that will eventually be added to the set (EPA, 2001).
World Resources Institute
The World Resources Institute, established in 1982, is an environmental "think-tank" based in Washington DC. Its mission is "to move human society to live in ways that protect Earth's environment and its capacity to provide for the needs and aspirations of current and future generations" (WRI, 2001) . Its goals are to reverse the rapid degradation of ecosystems; to halt the changes in the earth's climate; to catalyse the adoption of policies and practices that expand prosperity, while reducing the use of materials and generation of wastes, and to guarantee people's access to information and decisions regarding natural resources and the environment (WRI, 2001) .
Within the information programme of the WRI, a set of 15 indicators have been developed that characterise catchments in terms of their ecological value, current condition and vulnerability to potential degradation from human activities. The indicators have been developed as a preliminary set to provide information about major watersheds on a global scale. The set of 15 indicators incorporates 23 data sets that measure catchment characteristics and human activities that potentially affect rivers and lakes. The global data sets include such variables as land use, land cover, aridity, forest extent and loss, erosion, endemic bird species distributions, population density, and protected areas. Additional statistical databases on surface water runoff, location of major dams, and fish species diversity, were included when they could be georeferenced or linked to major rivers or lakes. The WRI has also recently completed additional indicators on the condition of the world's freshwater systems, where condition is defined as the current and future capacity of the systems to continue providing the full range of goods and services needed or valued by humans (Revenga et al., 2000) .
Comparison of indicator sets
A direct comparison was made of the catchment indicators developed by each organisation (see Appendix A). Although the governance level of the organisations differs, the level of information required is the same (i.e. catchment level). The authors believe that the differences between the organisations make identification of the common issues for which indicators need to be developed all the more important, whilst the differences are less relevant. Thus, this analysis concentrates on the similarities rather than the differences.
The indicators were split into five water management themes: socio-economic, water balance, waste and pollution, resource condition, and policy and management (Walmsley, 2000) . Within each of these categories, the indicators were split into categories, which were felt best reflected their aim. The categories that were represented in the five indicator sets under review included:
Socio-economic
• Population and demographics, which includes population growth and demographic changes within catchments, and can include birth and mortality rates, gender ratios and race ratios.
• Education of the catchment population, which includes levels of education and literacy.
• Employment, including sectoral and regional changes in employment and the job market.
• Community development, which includes issues such as community participation, charitable works, as well as crime rates.
• Economic development, which includes economic growth within the catchment, strategies for development, energy consumption and transportation.
Water balance
• Water availability, which is the amount of water available for use from surface and ground water sources. It includes climate as well as forms of hydrological modification and storage systems; • Water use, is the sectoral and regional use of water, which includes abstraction of water as well as exporting of water from the basin.
Waste and pollution
• Waste production, which is the amount of waste produced within the catchment area. In this case it includes waste that enters waste treatment plants and landfill sites, as well as polluted runoff. It also includes compliance with pollution and water quality standards. • Water quality, which is the condition of the water in terms of the possible chemical and physical pollutants that enter it.
Resource condition
• Biodiversity and ecosystem integrity, which includes aquatic ecosystem and species diversity, as well as changes in habitat and aquatic ecosystem health. • Land use change, which includes changes to the terrestrial ecosystems which may impact on the catchment water resources. Available on website http://www.wrc.org.za
• Resource use, which is the consumptive and non-consumptive use of resources that rely on aquatic systems for their continued existence. Consumptive uses include the harvesting of reeds, fish etc., whilst non-consumptive uses include shipping and recreation.
Policy and management
• Policy, which provides legislated and non-legislated guidelines for management, as well as determining the interaction among various political entities. • Management, which determines the day-to-day running of the catchment within the policy framework. • Research and training, which provides the knowledge on which further management steps will be taken.
Using these categories, it was possible to compare the indicator sets at three levels:
• number of organisations that had developed at least one indicator in each category (Fig. 1) ; • total number of indicators that had been developed by the five organisations in each category (Fig. 2) ; and • identification of common indicators (Table 2 ). Figure 1 shows that the most common categories, which were included in the indicator sets of the five organisations, were biodiversity and ecosystem integrity, water quality and water availability. These were followed by population, resource use, land-use change, contamination and waste production, which were included in three of the sets.
A similar pattern was observed with the number of indicators per category (Fig. 2) , with biodiversity and ecosystem integrity having the highest number of indicators (15), followed by land-use change (12), waste production (10), water quality (9), resource use (8) and water availability (8). Population, economic development, contamination and management had 6 indicators in each, whilst education, community development, research and training and water use had the fewest indicators (3).
The level of importance of each category can be assessed by summing the scores from the above two analyses to provide an index of importance (Fig. 3) . Figure 3 shows that biodiversity and ecosystem integrity, land use change, water quality, waste production, water availability and resource use are common categories, and are valuable at all levels of governance.
Common indicators were also identified ( Table  2) . In each case, the indicator of one organisation did not have to be identical to a similar one in another organisation. However, if the sense behind the indicator was considered to be similar, it was assumed that there was commonality.
Discussion
From the response to the survey by the 21 organisations approached (see Table 1 ), it is apparent that not many had developed sets of indicators for catchment management purposes. This is unexpected as the need for integrated catchment and water resource management is recognised throughout the world (DWAF and WRC, 1996) , and indicators are the ideal means by tracking changes in catchment conditions, and thus providing information for decision-making. There were a variety of reasons for this, including: the complexity of developing indicator sets for international catchments (e.g. Danube River; Helmut Fleckseder, Danube PCU, pers. comm.); the lack of resources, and the lack of understanding of the use of indicators in catchment water resource management. However, even the five sets of indicators that were available provided an indication of some of the issues that need to be taken cognisance of while developing indicator sets for catchment management, as discussed below.
Frameworks
Indicators need to meet the requirements of the physical system under inspection. For instance, the functional aspects of the Fraser River and Murray Darling differ considerably, and certain key physical characteristics need to be taken into account to ensure that these are represented. In the Fraser River this may mean understanding the ecological requirements of the sockeye salmon and the influence of the natural forests on the system, whilst in the Murray-Darling system salinity is a major problem that requires understanding. These should be reflected in the indicators chosen. Walmsley (2002) has shown that one method of doing this is through the use of indicator frameworks such as the Pressure-StateResponse (PSR) framework (Hammond et al., 1995; Gouzee et al., 1995) or the Driving-forces-Pressure-State-Impact-Response (DPSIR) framework (Smeets and Weterings, 1999) . Both the PSR and DPSIR frameworks have been used extensively in the development of state-of-the-environment reports (DEAT, 1999) . These physical frameworks tend to be used most often for identification of environmental indicators, and deal more specifically with natural environmental issues and the influence of humans on the environment.
More recently, issues-based frameworks have been used to identify indicators. These frameworks, as their name suggests, are based on the identification of strategic issues that will influence the sustainability of a system (country, province, region, catchment, etc.). They rest upon the premise that not all issues are equally important at any given time. Thus, they are dynamic and will change over time as the priority issues are dealt with and other issues emerge.
Of the five indicator sets under review, the only one for which there was an obvious framework for development was the Fraser Basin set. These were developed from the Council's Sustainability Charter, which caters for all sustainability issues in the basin. It provides an adequate framework for a set of sustainability indicators. The lack of an obvious framework in the other sets of indicators may stem from the indicators being developed primarily from a needs analysis, leading to issue-based indicators.
The use of one framework, does not preclude the use of another. It is recommended for South Africa that the physical and issuesbased frameworks used in conjunction with each other to develop indicators that not only take into account the characteristics of the physical system, but also concentrate on current or emerging issues that will affect the future sustainability of any catchment.
In terms of the physical requirements, Walmsley (2002) has developed a method for selecting indicators for catchment management using the DPSIR framework (see also Walmsley et al., 1999) , which can readily be used for developing indicators in South Africa. The framework is useful to identify interactions between various elements of a catchment, and if core (or key) indicators are identified within each of the categories, most major catchment-based management issues will be covered.
The themes identified by Walmsley (2002) Policy and management, including institutional arrangements.
Themes and indicators
The indicator sets evaluated in this paper were different from each other. However, there were several recurring themes and indicators (see Figs. 1 to 3; Table 2 ). These give an indication of the common problems with regard to sustainability of water resources, and some of the key issues that need to be addressed for adequate catchment management. If the common themes are combined with the common indicators (Table 3) , certain key issues emerge that should be considered for inclusion in a catchment sustainability indicator set for South Africa. These include:
• The destruction of ecosystem integrity, which may lead to biodiversity and habitat loss. These can be assessed through monitoring of high-risk species and key species or community assessments.
• Waste production, which is recognised as a major problem in both developing and developed countries. It leads to pollution of the environment and a deterioration in water quality.
• Water quality problems derived from excess pollutants entering freshwater systems. In South Africa these may include eutrophication, salinisation, microbiological deterioration, toxic pollutants and sedimentation.
• Resource use, in particular, access to the resource for recreational purposes, although in South Africa harvesting of the resources may be as important. • Terrestrial ecosystem condition, which will have an impact on the water resource of the catchment. • Population growth, which has far-reaching repercussions in terms of development requirements, resource use and sustainability of a system.
All of the themes and indicators presented in Table 3 can be applied to the South African situation, and could provide a basis against which to assess a South African indicator set.
Policy requirements of indicator sets
One of the reasons for the differences in indicator sets in general is that they are a reflection of policy, both national and organisational, upon which they have been based. In this instance:
• The Fraser Basin indicators focus on the need for sustainability, and are the best reflection of Integrated Catchment Management in the true sense of the term.
• The MDBC indicators reflect a policy of integrated water resource management and are based primarily on the management of the water resources, rather than the integration of all resources.
• The TVA indicators reflect mainly the anthropocentric needs.
• The US EPA indicators reflect their mandate to concentrate primarily on pollution control and management, rather than integrated catchment management.
One of the essential requirements of developing catchment indicators for South Africa is to ensure that they reflect the water resources and environment policies of the country. South Africa has recently undergone major transition in terms of both the water and environmental law in the country. The new legislation is underpinned by the concept of sustainability and any indicators based on the legislation could provide information on the progress towards environmental sustainability within the catchment context. In particular, the National Water Act (No 36 of 1998) highlights certain issues for which indicators would need to be developed, including:
• Scarce and uneven distribution of natural water resources (water use and allocation; provision of water for basic human and ecosystem requirements; supply and demand management; meeting international requirements).
• Deteriorating water quality (pollution prevention; waste management).
• Deteriorating water resource and ecosystem quality (attaining resource quality objectives; atmospheric conditions).
• Increase in natural catastrophic events (floods and droughts).
Stakeholder involvement
A common thread to all the indicator sets was the participation of stakeholders (who influence or will be affected by management of the catchment) in their development. Although expert opinion is required to develop a set of indicators, the core indicators that are finally decided upon, should meet the requirements of stakeholders in the catchment. Obviously indicator sets cannot meet all the needs of all the stakeholders, but an attempt should be made to include the requirements of stakeholders in general. In South Africa, structures have been set up in many catchments for the involvement of stakeholders. Catchment Management Forums have either been set up, or are being set up for most of the highly-developed and sensitive catchments (e.g. Upper Olifants River, Mpumalanga and Palmiet, Western Cape). Likewise, management of the water resources of South Africa at catchment level has been delegated to regional offices of DWAF. Stakeholders who should be approached with regard to the development of indicators for sustainable catchment management include DWAF regional offices; water service providers such as Umgeni Water and Rand Water; local authorities; catchment management agencies and water forums.
Data availability
One of the issues that arose in the development of the indicator sets under review is that the development of indicator sets is often limited by data availability, and indicators are selected for data availability rather than for validity. The WRI indicator set, for instance, was largely based on the amount of data available worldwide, and is limited by some fairly gross-scale indicators. If, however, a core indicator set is developed that takes into account the physical system as well as the policy and management goals, the collection of data should be important enough that monitoring programmes be put in place. The selection of indicators should not rely on data availability, but should be guided by what is available, or what can be collected within reasonable cost, effort and timeframe.
Conclusion
From the review of international initiatives to develop sustainability indicators for catchment management, it is apparent that each situation is unique, and that no two indicator sets will be alike. It is possible to identify some broad criteria for the development of sustainability indicators for catchments in South Africa:
• Indicators should be relevant in terms of the current policy and management issues that affect catchment sustainability.
• Indicators should reflect the physical characteristics of catchments and the human influences on these (i.e. integrated water resource management 
